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Specification 

1 . TITLE OF THE INVENTION 
Plating Method of Semiconductor Wafer 

2. CLAIMS 

A plating method of a semiconductor wafer 
for applying a plating solution to a semiconductor 
wafer formed on a resist layer to form a metal plating 
layer, 

said plating method of a semiconductor 
wafer characterized in that said plating solution is 
applied as a large number of ejected plating solution 
jets and in that at least one of the means for applying 
said ejected plating solution jets and the coated 
plating surface of the semiconductor wafer is made to 
move by rotation relative to the other so as to form 
the metal plating layer. 

3. DETAILED DESCRIPTION OF THE 
INVENTION 

<Field of Utilization in Industry> 
The present invention relates to a plating 
method of a semiconductor wafer. 
<Prior Art> 

As conventional plating methods of a 
semiconductor wafer, there are the method of 
suspending the semiconductor wafer from a rack and 
dipping it in a plating solution tank to apply the 



plating and the method of ejecting a plating solution 
as shown in Japanese Unexamined Patent 
Publication (Kokai) No. 53-19147. 

In the former dipping plating method, an 
extremely long processing time (about 1 to 2 hours) 
is required, so currently mainly the latter plating 
solution ejecting method is being employed. With 
this plating solution ejecting method, an ejected, 
plating solution jet 1 such as shown in FIG. 6 
(hereinafter referred to as a "plating solution jet") 
reaches the approximate center 5 of the surface 3 
(plated surface 4 side) of the semiconductor wafer 2 
(hereinafter referred to as the "wafer"), then 
disperses to the circumferential directions (arrow 
marked A directions) along the surface 3 to apply 
the plating and then flows down at the outer 
circumference 6. 

<Problems to be Solved by the Invention> 
However, while this conventional plating 
method of a semiconductor wafer has the advantage 
of being able to shorten the required time far more 
than the dipping plating method, the plating solution 
jet 1 reaching the surface 3 of the wafer 2 flows only 
from the approximate center 5 to the circumferential 
directions, so there is a certain directionality in the 
flow of the plating solution 7. The effect of the 
directionality appears remarkably 
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between the parts of the metal plating layer formed at 
the approximate center 5 and the circumference 6. 

At the approximate center 5 of the wafer 2 
(arrow marked VII in FIG. 6), the plating solution jet 
1 strikes directly, so an agitated part 8 of the plating 
solution 7 is formed. Due to the agitation, there is 
almost no flow of the plating solution 7 to any 
specific direction and there is no effect of 
directionality. Therefore, metal ions are richly 
supplied, the current density is also stable, and a good 
metal plating layer 9 (hereinafter referred to as the 
"plating layer") in the points of shape, thickness, size, 
etc. is formed (FIG. 8). 

Further, the "agitated part 8" means the part 
where plating solutions different in direction of flow 
mix together, such as the plating solution 7 ejected 
and the plating solution 10 returning after striking the 
wafer 2 mixing-together, and are continuously present 
due to the pressure of theplating solution 1 . 

On the other hand, the more from the 
approximate center 5 to the circumference 6, the 
more the flow of the plating solution 7 becomes 
simply the flow in a specific direction along the 
surface 3 of the wafer 2 (arrow marked IX part of 
FIG, 6), the more no agitated part 8 is formed, and 
the more the effect of the directionality of the flow of 
the plating solution 7 on the formation of the plating 
layer (that is, the plating layer 9 deforming 



applying said ejected plating solution jets and the 
coated plating surface of the semiconductor wafer is 
made to move by rotation relative to the other so as to 
form the metal plating layer. 

<Mode of Operation> 

Further, the present invention uses the 
above means to continuously successively bring the 
plated surface of the semiconductor wafer into 
contact with a large number of agitated parts formed 
by a large number of ejected plating solution jets on 
the surface of the semiconductor wafer and apply 
plating in that process, therefore eliminates the 
directionality of the plating solution jet at the surface 
of the semiconductor wafer, makes uniform and 
stabilizes the current density, distribution of metal 
ions, and other plating conditions, and effectively 
eliminates any hydrogen gas which happens to be 
generated so as to facilitate the formation of an 
excellent metal plating layer and thereby improve the 
product yield. 

<Embodiments> 

Next, the details of the present invention 
will be explained with reference to the drawings. 

Further, parts common with the prior art 
will be given the same reference numerals and 
overlapping explanations omitted. 



and growing along the direction of flow of the 
plating solution 7, see FIG. 9) remarkably appears, 
the more the metal ions become insufficient, and the 
greater the instability in terms of the current density. 
Further, when hydrogen gas 12 is generated near the 
resist layer 1 1 of the wafer 2 during the plating 
processing (see FIG. 10), with almost no agitation, 
the hydrogen gas 12 is difficult to eliminate. The 
plating layer 9 is sometimes formed with the parts 
corresponding to the hydrogen gas 12 forming 
defects. 

Due to these various reasons, it is not easy 
to form a plating layer 9 excellent in shape, 
thickness, size, and other points. The product yield 
cannot be raised. Therefore, improvement has been 
desired. 

Therefore, the present invention has as its 
objectto provide aplating method of a " 
semiconductor wafer able to eliminate the 
directionality due to the flow of the plating solution, 
make uniform and stabilize the current density, 
distribution of metal ions, and other plating 
conditions, form an excellent plating layer, and 
improve the product yield. 

<Means for Solving the Problems> 
Explaining the configuration of the pre-sent 
invention for achieving the above object, the plating 
solution applied to the semiconductor wafer is 
applied as a large number of ejected plating solution 
jets and at least one of the means for 

FIG. 1 to FIG. 3 are views of a first 
embodiment of the present invention. 

First a plating apparatus used in the 
semiconductor wafer plating method is explained. 

This plating apparatus 15 is comprised of a 
first plating processing tank 1 6 of a substantially 
circular shape for applying plating to a wafer 2, a 
second plating processing tank 17 of a siibstan-tially 
circular shape surrounding the first plating 
processing tank 16, a rotating means 18 for holding 
and rotating the wafer 2, a pipe 1 9 for supplying a 
plating solution 7, and a base member 20 for 
supporting the first and second plating processing 
tanks 16 and 17. 

The first plating processing tank 1 6 is 
formed overall by a processing tank body 2 1 as a 
substantially circular frame and is comprised, at the 
bottom of the processing tank body 21 , of a solu-tion 
receiving unit 22 for receiving plating solution 7 
supplied from a pipe 1 9, a processing unit 23 for 
applying plating processing to the wafer 2, and a 
plating solution supply pipe 24 (below, the "supply 
pipe") connecting the solution receiving unit 22 and 
the processing unit 23 to form a flow path (outgoing 
path) of the plating solution 7. 

Further, a discharge opening 26 (return 
path) for discharging the plating solution 25 
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flowing down is formed at a portion corresponding to 
between the processing unit 23 and solution receiving 
unit 22 (position corresponding to supply pipe 24). 

The solution receiving unit 22 is comprised 
of an anode 27 and a sealing lid 29 formed with a 
large number of extremely small supply holes 28 
connected to the supply pipe 24. The opening of the 
pipe 19is arranged facing downward. 

The processing unit 23 is comprised of a 
receiving member 30 having a seal 40 for abutting 
against the wafer 2 and preventing flow of the plating 
solution 7 to the outside and fixed by engagement 
with a top edge of said processing tank body 2 1 , a 
bottom receiving member 33 formed with a large 
number of extremely small supply holes 3 1 connected 
to the supply pipe 24 and a discharge hole 32 for 
discharge of the plating solution 25 (return path), and 
a large number of ejection nozzles 34 provided on the 
bottom receiving member 33 and connected to said 
supply pipe 24. 

Further, a number of the ejection nozzles 34 
of an extent sufficient for forming a plating solution 
layer 34 on the entire surface 3 of the wafer 2 and 
causing the formation of agitated parts 8 of the 
plating solution 7 at all parts of the surface 3 is 
provided. In other words, these enable introduction 
and discharge of the plating solutions 7 and 25. Due 
to this, the plating solution 7 is ejected and returned 



for each small area relative to the surface area of the 
surface 3. 

Further, the supply pipe 24 is laid between 
the processing unit 23 and the solution receiving unit 
22 and connects the supply holes 28 of the sealing 
lid 29 and the supply holes 3 1 of the bottom 
receiving member 33. 

The second plating processing tank 17 
surrounds the first plating processing tank 16 and 
guides the downward flowing plating solution 25 to 
the discharge hole 36 formed in the base member 
20. 

The rotating means 1 8 is comprised of a 
wafer fixing body 38 (hereinafter a "fixing body") for 
holding the wafer 2 through an elastic member 37 
(for example, cell sponge) and a rotating 
mechanism 39 able to rotate the fixing body 38. 

The rotating mechanism 39 is comprised of 
a body rotating shaft ,42=(hereinafter referred to. as; ;_ 
the "shaft") provided at the fixing body 38 and 
provided with a gear wheel 4 1 , a support frame 
member 43 for rotatably supporting the shaft 42, and 
a drive force transmitting means 45 for transmitting 
the drive force of a motor 44 to the shaft 42. 

The support frame member 43 is 
comprised of a lateral frame member 47 for rotatably 
supporting the shaft 42 and a longitudinal frame 
member 48 for supporting and fixing the lateral 
frame member 47. 



The drive force transmitting means 45 is 
comprised of a gear mechanism 46 for transmitting 
the force of the motor 44 reduced in rotational speed 
and a gear wheel 49 engaging with the gear wheel 41 
of the shaft 42. 

Further, reference numeral 52 is a wafer 
fixing tab for holding the wafer 2, 53 a cathode 
contact, and 54 a lead wire connected to the cathode 
contact 53. 

The pipe 1 9 is connected with a not shown 
tank and pump and supplies the plating solution 7 to 
the solution receiving unit 22. 

The base member 20 supports the first and 
second plating processing tanks 16 and 17 and is 
provided with a discharge hole 36 for discharging and 
recovering the downward flowing plating solution 25 
between the first and second plating processing tanks 
16 and 16. 

The present invention uses the above plat- 
ing apparatus 1 5 for plating. Next, a first embodi- 
ment of the present invention will be explained. 

First, the engagement of the gear wheel 49 
of the drive force transmitting means 45 and the gear 
wheel 41 of the shaft 42 is released, then the lateral 
frame member 47, shaft 42, and fixing body 38 pivot 
through a pivoting shaft 55 (arrow C direction) to 
open the processing unit 23, the wafer 



fixing tabs 52 engage with and fix the wafer 2. then 
reverse to the above, the lateral frame member 47, 
fixing body 38, etc. are made to pivot through the 
pivoting shaft 55 (arrow C opposite direction) to 
close the processing unit 23. 

In that state, if using the rotating means 18 
to rotate the fixing body 38 and the wafer 2 held by 
the fixing body 38 and supplying plating solution 7 
from the pipe 1 9 to the solution receiving unit 22, 
the plating solution 7 reaches the ejection nozzles 34 
through the supply holes 28, supply pipe 24, and 
supply holes 3 1 , ejected plating solution jets 56 
(below, "plating solution jets") are simultan-eously 
ejected from the large number of ejection nozzles 34, 
and the large number of plating solution jets 56 are 
made to bath the entire surface 3 (plated surface 4 
side) of the wafer 2 to form the plating solution layer 
35. 

As shown in FIG. 3, part of the plating 
solution jets 56 ejected from the ejection nozzles 34 
reach the surface 3 of the wafer 2 to form agitated 
parts 8 at its vicinity, while the rest try to branch in 
the left and right directions (arrow D directions) 
along the surface 3 of the wafer 2. 

On the other hand, since the plating 
solution jets 56 similarly try to branch from the 
adjoining ejection nozzles 34, the plating solutions 



7 collide with each other even between ejection 



plating solution 7 and further promotes the agitation 
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nozzles 34 to form agitated parts 8 and thereby reach 
the inside of the plating solution layer 35, whereby a 
suitable agitation action is caused. 

Since the wafer 2 rotates, the parts of the 
plated surface 4 which had been at a position E at a 
certain point of time continuously move to F after the 
elapse of a small time. Therefore, they contact the 
new agitated parts 8. As a result, while maintaining 
the state of the surface 3 being covered by a thin 
plating solution layer 35, the plated surface 4 
successively contacts and passes through the large 
number of agitated parts 8. That is, the plating 
solution 7 is ejected and returns for different small 
sections on the surface 3 of the wafer 2. Further, due 
to the rotation of the surface 3, the plating solution 7 
is ejected and returns at sections different in position 
on the surface 3 at all times, so the directionality of 
the flowx>f the plating solution 7_is completely 
eliminatedrthe distribution of metal ions, current^ 
density, and other plating conditions can be made 
uniform and stable, any hydrogen gas which is 
generated can be effectively removed, and an 
excellent plating layer can be formed 

Further, the rotation of the wafer 2 also 
causes gentle rotation of the plating solution 7 itself 
present near the surface 3 due to the viscosity of the 



previous embodiment is that the drive force 
transmitting means 45 of the rotating mechanism 39 
for holding and rotating the wafer 2 is eliminated, the 
wafer 2 placed on the top of the first plating 
processing tank 16 is merely pressed and fixed from 
above and made not to rotate, and rotatable ejection 
nozzles 62 of substantially T-shapes overall are used 
instead of the large number of fixed type ejection 
nozzles 34 provided inside the processing unit 23. 
Further, the sealing lid 29 and the bottom receiving 
member 33 are not formed with supply holes 28 and 
31. 

The ejection nozzles 62 are able to rotate in 
the processing unit 23 and form substantially T- 
shapes overall. In this embodiment, the ejection 
nozzles 62 are rotated from a not shown drive means 
through a rotation transmitting means such as a belt 
to spray the plating solution 7 on the surface 3 of the 
wafer 2, so the top rotating nozzle unit 70 (hereinafter 
referred to as the "nozzle unit") is formed with a large 
number of ejection openings 7 1 . 

Further, reference numeral 72 is a seal for 
carrying the water 2 and preventing the flow of the 
plating solution 7 to the outside and the flow around 
to the reverse side of the wafer 2. 

Next, a second embodiment for plating 



Further, the plating solution 1 finished being 
used for the plating is discharged through the 



in the plating solution tank 35. 

Next, the plating solution 7 passes through 
the processing unit 23, discharge hole 32, and 
discharge opening 26 to be discharged from the 
discharge hole 36 of the base member 20, then is 
recovered in a not shown tank and recycled for 
reuse. 

: ; Further, when the plating processing is 
finished and exchanging the wafer 2, the processing 
unit 23 is opened in the same way as at the time of 
setting, then the state of engagement and holding bv 
the wafer fixing tabs 52 is released and the wafer 2 
is taken out. 

Further, in this embodiment, the 
explanation was given of an example of rotating only 
the wafer 2 and not rotating the means for ejecting 
the plating solution jets i, but it is of course also 
possible to rotate both (rotate in opposite directions). 
Furtherr in the rotating means 1 8 r the drive force — 
transmitting means 45 is not limited to the illustrated 
example. It is possible to use any means such as a 
worm gear. 

FIG. 4 is a view showing a second 
embodiment of the present inventioa 

The point of difference of the plating 
apparatus 50 used in this- embodiment from the 



using the above plating apparatus 60 will be 
explained. 

First, a wafer 2 is placed and positioned on 
the seal 72, then the wafer 2 is pressed and fixed by 
a not shown pressing means. 

In that state, in the same way as the above 
embodiment, if the plating solution 7 is supplied and 
the ejection nozzles 62 rotated at a high speed, a 
large number of plating solution jets 56 are ejected 
from the ejection openings 7 1 to bath the surface 3 
of the wafer 2 (plated surface 4 side) with the plating 
solution jets 56 and form the plating solution layer 
35. 

Due to the rotation, the nozzle unit 70 
ejects plating solution 7 toward the surface 3 of the 
wafer 2 while moving along with the elapse of time 
and causes the successive generation of new agitated 
parts 8. As a result, while maintaining the state of 
the surface 3 being covered by a thin plating solution 
layer 35, the agitated parts 8 successively move, so 
the directionality of the flow of the plating solution 7 
is completely eliminated, the distribution of metal 
ions, current density, and other plating conditions 
can be made uniform and stable, any hydrogen gas 
which is generated can be effectively removed, and 
an excellent plating layer can be formed. 



solution jets 56 gives a reaction force J in the reverse 
direction to the orientation of the ejection openings 
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discharge hole 32 and discharge opening 26. When 
the plating is finished, the pressing and fixing of the 
wafer 2 by the not shown pressing means are released 
and the wafer 2 detached and exchanged. 

Further, in this embodiment, the explanation 
was given of the case of rotating only the means for 
imparting the ejected plating solution jets 56 and not 
rotating the wafer 2, but of course it is also possible 
to rotate both (rotate them in opposite directions). 

Further, the rest of the configuration and 
action are shown using the same reference numerals 
for parts similar to or common with the first 
embodiment and overlapping explanations omitted. 

FIG. 5 is a view showing a third 
embodiment of the present invention. 

The point of difference of the plating 
apparatus 74 used in this embodiment from the 
second embodiment is that the orientations of the - 
ejection openings 71 of the rotatinglibzzle~umT70 
(hereinafter referred to as the "nozzle unit") are made 
symmetrical to the left and right about the center of 
the nozzle unit 70 as illustrated and the ejection 
nozzles 62 themselves can rotate by the pressure of 
the large number of plating solution jets 44 ejected. 

That is, the pressure of the ejected plating 



7 1 , so if the orientations of the ejection openings 7 1 
are made symmetrical to the left and right about the 
center of the nozzle unit 70 as illustrated, the 
pressure due to the ejection of the plating solution 
jets 56 (reaction force J) becomes constantly the 
same direction and the ejection nozzles 62 
themselves rotate along with the magnitude of 
ejection force at the time of ejection. 

Further, the rest of the configuration and 
action are shown using the same reference numerals 
for parts similar to or common with the second 
embodiment and overlapping explanations omitted. 

<Effects> 

The plating method of a semiconductor 
wafer according to the present invention has the 
content as explained above, so numerous effects can 
be expected. The main ones among them are listed 
below: - 

(A) Since at least one of themeansfor^ 
applying the ejected plating solution jets and the 
semiconductor wafer are made to move by rotation 
relative to the other, at least the plated surface 
contacts the agitated parts of the plating solution 
continuously, so directionality of the plating solution 
jets seen in the past on the wafer surface can be 
eliminated, 



(B) at the plated surface continuously 
contacting agitated parts of the plating solution, the 
current density, distribution of metal ions, and other 
plating conditions can be made stable and uniform, 

(C) due to the elimination of the 
directionality and the uniformity of the plating 
conditions, a metal plating layer excellent in the 
points of shape, thickness, size, and other points can 
be obtained regardless of the position on the resist 
surface at the semiconductor wafer and the product 
yield can be raised, and 

(D) an agitation action of the plating 
solution occurs at the surface of the wafer (plated 
surface side), so any hydrogen gas which is generated 
can be effectively removed and defects in the metal 
plating layer can be prevented. 

Further, according to the embodiments, 
there are the ancillary effects that 

(E) the opening of the pipe faces the base 
side at the inside of the solution receiving unit, so 
rapid overflow of the plating solution is not caused in 
the processing unit, 

(F) if the wafer fixing body is rotated in the 
state holding a wafer, the agitation action of the 
plating solution in the vicinity of the wafer surface is 
promoted, much better and uniform plating 
conditions can be secured, and the removal of 
generated hydrogen gas is more effective, 



(G) if the direction of the ejection openings 
of the rotating nozzle units are made symmetric left 
and right, it is possible to generate force at the 
rotating nozzle units and rotate the ejection nozzles 
themselves by the pressure of the ejected plating 
solution jets, and 

(H) if facilitating the opening of the 
processing unit by the rotating shaft, the wafers can 
be attached, detached, and exchanged easily. 

4. BRIEF DESCRIPTION OF THE 
DRAWINGS 

FIG. 1 is a schematic sectionaWiew of a 
plating apparatus used in a first embodiment of the 
plating method of a semiconductor wafer according 
to the present invention, 

FIG. 2 is a schematic explanatory view of 
the configuration of a drive force transmitting means 
in FIG. 1; 

FIG. 3 is a partial enlarged sectional view 
of the state of fluid motion of the plating solution 
ejected in FIG, 1; 

FIG. 4 is a partial enlarged sectional view 
of an ejection nozzle of a plating apparatus used in a 
second embodiment of the present invention; 

FIG. 5 is a partial enlarged perspective 
view similar to FIG. 4 showing an ejection nozzle of 
a plating apparatus used in a third embodiment of 
the present invention; 



FIG. 6 is an enlarged sectional view of the 
state of fluid motion of a plating solution of a 



conventional plating method of a semiconductor 
wafer; 

FIG. 7 is a partial enlarged perspective view 
of an arrow mark VII part in FIG. 6 showing the state 
of formation of an agitated part; 

FIG. 8 is a partial enlarged perspective view 
of a good metal plating layer formed at the arrow 
marked VIII part in FIG. 7 ; 

FIG, 9 is a partial enlarged perspective view 
of a metal plating layer formed at the arrow marked 
IX part in FIG. 6; and 

FIG, 1 0 is a partial enlarged perspective 
view of the state of occurrence of defects in plating 
due to generation of gas. 

I, 56... ejected plating solution jet 
2... semiconductor wafer 

4... plated surface 

7, 1 0 f 25... plating solution 

9.T. metal plating layer 

II. .. resist layer 
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